Résumé. 2014 On étudie la stratification en couches d'un cristal liquide polaire NCS lorsqu'il passe d'une phase nématique à une structure smectique A classique en monocouches ; la méthode utilisée est l'étude de la surface du matériau par mesure de la réflectivité des rayons X. On observe la formation de monocouches à la surface du cristal liquide, sans qu'il y ait rupture de la symétrie haut-bas. Ce comportement est contraire à celui des composés polaires substitués CN qui forment des bicouches à la surface et une phase smectique A1 dans la profondeur du matériau. On discute les conséquences de ces résultats pour les modèles moléculaires des phases smectiques A. Abstract. 2014 Using X-ray reflectivity smectic layering is investigated on both sides of a classical monolayer smectic-A to nematic phase transition in a polar NCS substituted compound. At the surface, only monolayering is observed ; there is no breaking of up-down symmetry. This contrasts with the situation of a smectic-A1 phase in a polar CN substituted compound, where bilayering occurs at the surface. Consequences for molecular models of smectic-A phases are discussed.
. In phase diagrams, these phases often appear in the succession Spl-SA-SA2 or SAd-SA2 as the temperature is lowered. In this paper, we reserve the name « classical SA» for SA phases in which the up-down ordering in the layers is completely random ; it is distinguished from the SAl phase which has antiferroelectric short-range order. Arguments for this distinction will be given in the discussion.
In an earlier experiment, the surface of an SAl liquid crystal was found to break the up-down symmetry, thereby inducing a few SA2-like bilayers [3, 4] . Other [5] [6] [7] . The X-ray source (A) is a Fig. 1 Samples are prepared as droplets put on The X-ray reflectivity of the sample has been measured as a function of q, with qx = qy = 0, for five temperatures around the N-SA phase transition.
The signal from the bulk, obtained with qy offset to 0.02 Å -1, was substracted to obtain the surface reflectivity R(qz). As an example, raw data of the scans with and without qy offset are displayed in figure 2. The result should be compared with the reflectivity for radiation incident on a planar dielectric discontinuity as given by Fresnel's law, RF (qZ ), which thus gives the background on which the structure of a realistic surface manifests itself [9] . As for X-rays the dielectric permittivity of the material is slightly smaller than 1 (e = 1 -6 x 10-6), Fres- nel's law predicts total reflection for scattering angles 0 smaller than 0, -:-0.15° (or qz qc = 0.02 A-1) and a steep fall-off -qz 4 above this angle. Starting point of any analysis of X-ray reflectivity data is the master formula, which relates the intensity of the reflected beam as a function of q = (0, 0, q) to the electron density profile p (z 3 along the surface normal [9] :
Since the phase factor in the complex quantity 4, (q) is lost we cannot obtain p (z ) directly from R/RF. The alternative is to make an intelligent guess about the shape of p (z ) which, in general, contains a number of parameters which in turn can be fitted to the observed R/RF curve. In order to maintain a connection to the molecular origin of the SA layering, we take the electron density of a single molecule as the basis of our assumptions about p (z). In addition, assumptions have to be made about the degree of layering at the surface and the way it decays into the bulk. If also bilayers are present, a similar set of assumptions is needed for the bilayering. The procedure for calculating R/RF with these ingredients has been given in reference [3] . It turns out to be convenient to split the molecular electron density Pm (,) into its average value p, the symmetric part P s (, ) and the antisymmetric part P a (C ), where' is a molecular coordinate along the z-axis with the origin in the middle of the molecule. The average p of all layers together naturally produces the Fresnel reflectivity. The monolayers, having equal numbers of molecules pointing up and down, produce a contribution to the electron density which is symmetric around = 0. The bilayering, on the other hand, depends on the difference between the numbers of molecules pointing up and down in each layer and the contribution to the electron density is antisymmetric around C = 0. Hence the monolayering couples to P S (C ) and the bilayering to p,, (C ) :
(cf. Eq. (8) in Ref. [3] ) where F,(q) and Fa(q) are the Fourier transforms of Ps(') and Pa(C). The complex functions cp s (q) and 9a(q) depend on the way the layering decays into the bulk. The Gaussian smearing parameters a and UL are introduced to account for thermal roughness of the surface itself (capillary waves) and of the smectic layers, and h is the displacement of the actual surface above the first layer. This parameter is always needed in practice to allow for a « dirty » surface [3] [4] [5] [6] [7] 9] . [10] . Analogous to other NCS compounds [11] , the molecular length of 29. 6 A thus obtained (taking into account the extent of the electron clouds) approximates the layer thickness d = 29.8 A. In making the fits to the experimental data, the first layer is assumed to have saturated smectic order. The layering vanishes into the bulk with an exponential decay curve characterized by a temperature dependent penetration depth ç (T). These calculations include a convolution with the resolution function. The resultant reflectivity curves are given in figure 3 . In addition, the hypothetical reflectivity curves were calculated for the cases that one or two fully developed bilayers are present at the surface. As can be seen in figure 3 , this would result in a clearly observable deviation of R/RF near qo/2. Hence we conclude that the molecules have also at the surface a random up-down distribution. [3] . In the present case, the dipole moment of the terminal group is only slightly less : 2.9 Debye for NCS against 4.0 Debye for CN [12] . The dipolar interaction energy of parallel neighbours in one layer is approximately kB T for NCS against 2 kB T for CN. The fact that in the present case we do not observe such bilayers despite the still considerable dipole moment indicates that the « classical » SA phase, though with polar molecules, differs qualitatively from the SAl phase. In the former case, the molecular asymmetry is nullified by a random up-down distribution of the molecules and the resultant short-range structure is similar to that of symmetric molecules. In the latter case, the macroscopic symmetry is the same but the local structure is a bilayer one as in the SA2 phase. This leads to similar dielectric behaviour in the SA1 and SA2 phases [13] . The SA2 regions in the SAl phase are assumed to be separated by « walls » as in the SA phase, in which the bilayers shift over a single molecular length, but with a random distribution of walls (see Fig. 4 ). This explains the diffuse scattering found near qo/2 in the bulk [14] . These walls will be expelled from the surface, so that the underlying short-range bilayer structure reveals itself. In 
